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Abstract
In order to interpret the Higgs mass and its decays more naturally, we hope to intrude the
BLMSSM and B-LSSM. In the both models, the right-handed neutrino superfields are introduced
to better explain the neutrino mass problems. In addition, there are other superfields considered
to make these models more natural than MSSM. In this paper, the method of χ2 analyses will be
adopted in the BLMSSM and B-LSSM to calculate the Higgs mass, Higgs decays and muon g− 2.
With the fine-tuning in the region 0.67% − 2.5% and 0.67% − 5%, we can obtain the reasonable
theoretical values that are in accordance with the experimental results respectively in the BLMSSM
and B-LSSM. Meanwhile, the best-fitted benchmark points in the BLMSSM and B-LSSM will be
acquired at minimal (χBLmin)
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1
I. INTRODUCTION
The standard model (SM) has been confirmed by many experiments. Especially, the
Large Hadron Collider (LHC) have announced a 125.10 GeV SM-like Higgs boson[1–3],
whose discovery is a great triumph for the SM. Up to now, most of measurements are
compatible with the SM predictions at 1 ∼ 2σ level. More than this, there are still some
problems that can not be naturally explained by SM, such as the masses of neutrinos[4–8],
the hierarchy problem[9], the dark matter(DM) candidates[10, 11], flavor physics[12, 13] and
CP-violating problems[14].... Therefore, it is necessary to extend SM, and it happens that
Minimal Supersymmetric SM (MSSM) is a highly motivated one[15–18].
However, there are still very strong restrictions on supersymmetric parameter space,
which will be further explained by the following implications. As we know, the mass of
the physical Higgs boson in the MSSM at tree level is less than the Z boson mass , and it
can be lifted by the top quark-stop quark loop corrections[19–23]. So we need to acquire a
rather large stop masses (around TeV region) to give such a large contribution. However,
the Higgs soft mass square is deduced as m2Hu ≃ − 3y
2
t
4pi2
m2
t˜
ln Λ
mt˜
∼ m2
t˜
(here Λ representing
the corresponding new physics(NP) scale while mt˜ corresponding to the scale of the stop
mass), and the light stops are good to reproduce the correct scale for electroweak symmetry
breaking[22–26]. Therefore, we need to introduce the fine-tuning to obtain relatively light
stop mass, which can be easily accommodated by introducing an additional contribution
to the Higgs boson mass. Actually, we hope to explain the above problem naturally by
extending the MSSM(EMSSM). So far, physicists have proposed many feasible new physical
models and in this paper we mainly study the BLMSSM[27–32] and B-LSSM[33–37].
The reason why we discuss the BLMSSM is that the baryon(B) and lepton(L) numbers
are local gauge symmetries spontaneously broken at the TeV scale. Not only that, broken
baryon number can naturally explain the origin of the matter-antimatter asymmetry in the
universe. While broken lepton number can explain the neutrino oscillation experiment well
by heavy majorana neutrinos contained in the seesaw mechanism inducing the tiny neutrino
masses[27–31]. Additionally, there is a natural suppression of flavour violation in the quark
and leptonic sectors since the gauge symmetries and particle content forbid tree level flavor
2
changing neutral currents involving the quarks or charged leptons[27, 28, 30, 31]. Other
than this, the mass of the physical Higgs boson can be large without assuming a large stop
mass[31].
Meanwhile, we also study the B-LSSM where gauge symmetry group SU(3)C⊗SU(2)L⊗
U(1)Y ⊗ U(1)B−L is introduced with B representing baryon number and L standing for
lepton number. Besides, the invariance under U(1)B−L gauge group imposes the R-parity
conservation which is assumed in the MSSM to avoid proton decay[38]. In the B-LSSM,
right-handed neutrinos can naturally be implemented due to the introduction of the right-
handed neutrino superfields, which can realize type I seesaw mechanism, thus provide an
elegant solution for the existence and smallness of the light left-handed neutrino masses. Fur-
thermore, additional parameter space in the B-LSSM is released from the LEP, Tevatron and
LHC constraints through the additional singlet Higgs state and right-handed (s)neutrinos
to alleviate the hierarchy problem of the MSSM[39]. Other than this, the model can also
provide much more DM candidates comparing that in the MSSM[40–43].
In this paper, we shall study the natural and realistic EMSSM including both the
BLMSSM and B-LSSM by studying the Higgs masses, Higgs decays and muon anomalous
magnetic dipole moment(MDM). We first introduce the naturalness conditions specifically in
the EMSSM in section II. And the corresponding characteristics for BLMSSM and B-LSSM
will be further illustrated in section III. Meanwhile, we derive the concrete theoretical ex-
pressions of Higgs decays and muon MDM in both BLMSSM and B-LSSM in section IV.
Considering the χ2 analyses, the numerical results are discussed in section V to satisfy the
phenomenological constraints and the relevant experimental data. Last but not least, we
summarize the conclusion in section VI. In appendix A, B and C, we give out the corre-
sponding form factors and couplings used in this paper.
II. NATURALNESS CRITERIA IN THE EMSSM
As mentioned in Refs[9, 44], authors popularized a prescription to quantify fine-tuning
by an atypical quantity MZ . That is measuring sensitivity in the Z boson mass to general
3
parameters ai by
∆FT = Max
{∣∣∣∂ ln(M
2
Z)
∂ ln(ai)
∣∣∣
}
, (1)
here, ai control the masses of the various supersymmetric partners of the standard particles.
The reason for ∆FT taking maximum is that supersymmetry is responsible for stabilizing
the weak scale.
In general weak scale supersymmetric theories, the fine-tuning will be introduced more
detail in the Higgs potential. In the MSSM, the SM Higgs-like particle h0 is a linear combi-
nation of Hu and Hd. The Higgs potential for h
0 can be reduced as V = m¯2h0 |h0|2+ λh04 |h0|4,
where m¯2h0 is negative and λh0 is positive. Minimizing the Higgs potential, we get v
2 ≡
〈h0〉2 = −2m¯2h0/λh0. Then the physical Higgs boson mass can be deduced as mh0 = −2m¯2h0 .
So the fine-tuning measure can also be defined as [22, 45, 46]
∆FT ≡ 2δm¯
2
h0
m2h0
. (2)
In general, tan β ≥ 2, so m¯2h0 can be given as m¯2h0 ≃ |µ|2+H2u|tree+H2u|rad, where µ is the
supersymmetric mass between Hu and Hd. H
2
u|tree represent the tree-level contributions to
the soft supersymmetry breaking mass square for Hu, while H
2
u|rad represent radiative ones.
Therefore, we obtain the following concrete bounds
µ <∼ 400GeV
( mh0
125.1GeV
)(∆−1FT
5%
)−1/2
. (3)
Thus, the value of µ should be smaller than 400 GeV for 5% fine-tuning. Consequently, the
Higgsinos must be light due to the small µ. The dominant contributions to H2u|rad arise from
stop loop
δm2Hu |stop ≃ −
3
8pi2
y2t
(
m2Q˜3 +m
2
U˜c
3
+ |At|2
)
ln
( Λ
mt˜
)
, (4)
where yt is top quark Yukawa coupling, m
2
Q˜3
m2
U˜3
and At represent the corresponding soft
parameters, which determine the stop mass mt˜. Supposing mQ˜3 ≃ mt˜1 and mU˜3 ≃ mt˜2 , we
summarize the concrete bound for Mt˜ ≡
√
m2
t˜1
+m2
t˜2
Mt˜ ≡
√
m2
t˜1
+m2
t˜2
<∼
4pi2
3y2t
∆FTm
2
h0
(1 + x2t ) ln
(
Λ/mt˜
)
≈ 1.2TeV sin β
(1 + x2t )1/2
( ln(Λ/TeV)
3
)−1/2( mh0
125.1GeV
)(∆−1FT
5%
)−1/2
, (5)
4
where t˜1 and t˜2 are stop mass eigenstates and satisfy
√
m2
t˜1
+m2
t˜2
= At/xt, Therefore, we
obtain Mt˜ <∼ 1.2 TeV for 5% fine-tuning.
Above all, the natural EMSSM should possess relatively small (effective) µ term as well as
stop masses. In this paper, we shall consider the following natural supersymmetry conditions:
1. The µ term or effective µ term is smaller than 400
√
∆FT5% GeV.
2. The square root Mt˜ is smaller than 1.2 sin β
√
∆FT5% TeV.
III. THE BLMSSM AND B-LSSM
A. the BLMSSM
Extending the local gauge group of the SM to SU(3)C ⊗ SU(2)L ⊗ U(1)Y ⊗ U(1)B ⊗
U(1)L [27, 30, 31], we obtain a supersymmetric model where baryon (B) and lepton (L)
numbers are local gauge symmetries spontaneously broken at the TeV scale(BLMSSM).
In order to cancel the B and L anomalies, vector-like families are needed, which are
Qˆ4, Uˆ
c
4 , Dˆ
c
4, Lˆ4, Eˆ
c
4, Nˆ
c
4 and Qˆ
c
5, Uˆ5, Dˆ5, Lˆ
c
5, Eˆ5, Nˆ5. Correspondingly, Higgs superfields ΦˆB and
ϕˆB acquire nonzero vacuum expectation values (VEVs) to break baryon number sponta-
neously, as well as ΦˆL and ϕˆL are introduced to break lepton number spontaneously. Other
than this, in order to make exotic quarks unstable, the model also introduces superfields Xˆ
and Xˆ ′. Xˆ and Xˆ ′ mix together, and the lightest mass eigenstate can be a DM candidate.
The superpotential of the BLMSSM is given by[47]
WBL =WMSSM +WB +WL +WX ,
WB = λQQˆ4Qˆc5ΦˆB + λU Uˆ c4Uˆ5ϕˆB + λDDˆc4Dˆ5ϕˆB + µBΦˆBϕˆB
+Yu4Qˆ4HˆuUˆ
c
4 + Yd4Qˆ4HˆdDˆ
c
4 + Yu5Qˆ
c
5HˆdUˆ5 + Yd5Qˆ
c
5HˆuDˆ5,
WL = Ye4Lˆ4HˆdEˆc4 + Yν4Lˆ4HˆuNˆ c4 + Ye5Lˆc5HˆuEˆ5 + Yν5Lˆc5HˆdNˆ5
+YνLˆHˆuNˆ
c + λNcNˆ
cNˆ cϕˆL + µLΦˆLϕˆL,
WX = λ1QˆQˆc5Xˆ + λ2Uˆ cUˆ5Xˆ ′ + λ3DˆcDˆ5Xˆ ′ + µXXˆXˆ ′. (6)
whereWMSSM represents the MSSM superpotential. λQ, λU ..., Yu4 , Yd4... and µB, µL, µX are
the Yukawa couplings presented in the BLMSSM superpotential. The soft breaking terms
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in the BLMSSM are generally denoted by[47, 48]
LBLsoft = LMSSMsoft − (m2N˜c)IJN˜ c∗I N˜ cJ −m2Q˜4Q˜
†
4Q˜4 −m2U˜4U˜ c∗4 U˜ c4 −m2D˜4D˜c∗4 D˜c4
−m2
Q˜5
Q˜c†5 Q˜
c
5 −m2U˜5U˜∗5 U˜5 −m2D˜5D˜∗5D˜5 −m2L˜4L˜
†
4L˜4 −m2N˜4N˜ c∗4 N˜ c4
−m2
E˜4
E˜c∗
4
E˜c4 −m2L˜5L˜
c†
5 L˜
c
5 −m2N˜5N˜∗5 N˜5 −m2E˜5E˜∗5E˜5 −m2ΦBΦ∗BΦB
−m2ϕBϕ∗BϕB −m2ΦLΦ∗LΦL −m2ϕLϕ∗LϕL −
(
mBλBλB +mLλLλL + h.c.
)
+
{
Au4Yu4Q˜4HuU˜
c
4 + Ad4Yd4Q˜4HdD˜
c
4 + Au5Yu5Q˜
c
5HdU˜5 + Ad5Yd5Q˜
c
5HuD˜5
+ABQλQQ˜4Q˜
c
5ΦB+ABUλU U˜
c
4U˜5ϕB+ABDλDD˜
c
4D˜5ϕB+BBµBΦBϕB + h.c.
}
+
{
Ae4Ye4L˜4HdE˜
c
4 + Aν4Yν4L˜4HuN˜
c
4 + Ae5Ye5L˜
c
5HuE˜5 + Aν5Yν5L˜
c
5HdN˜5
+AνYνL˜HuN˜
c + AνcλνcN˜
cN˜ cϕL +BLµLΦLϕL + h.c.
}
+
{
A1λ1Q˜Q˜
c
5X + A2λ2U˜
cU˜5X
′ + A3λ3D˜
cD˜5X
′ +BXµXXX
′ + h.c.
}
, (7)
where LMSSMsoft represents the soft breaking terms of the MSSM. Except the squark, slepton
and Higgs soft masses m2
L˜4
, m2
Q˜4
, m2ΦB ..., there are also other parameters, such as mB, mL...,
Au4 , ABQ..., BB, BL... and tanβ, tanβB.... In our numerical calculation, we adopt the fol-
lowing assumption:
m
Q˜i
= m
U˜i
= m
D˜i
= m
L˜i
= m
R˜i
= m
N˜c
i
= m
Q˜4
= m
U˜4
= m
D˜4
= m
Q˜5
= m
U˜5
= m
D˜5
= m
L˜4
= m
N˜4
= m
E˜4
= m
L˜5
= m
N˜5
= m
E˜5
≡MBL0 ,
Al = A
′
l = Au = A
′
u = Ad = A
′
d = Au4 = Au5 = Ad4 = Ad5 = Aν4 = Ae4 = Aν5
= A
e5
= Aν = Aνc = ABQ = ABU = ABD ≡ ABL0 , m1 = m2 ≡ mBL12 , gL = gB ≡ gLB. (8)
In the BLMSSM, we mainly consider the effects from parameters MBL0 , A
BL
0 , m
BL
12 , g
BL
LB , µ
BL
and tanβBL for our numerical calculation.
B. the B-LSSM
In the B-LSSM, one enlarges the local gauge group of the SM to SU(3)C ⊗ SU(2)L ⊗
U(1)Y ⊗ U(1)B−L, where the U(1)B−L can be spontaneously broken by the chiral singlet
superfields ηˆ1 and ηˆ2. Besides, the right-handed neutrinos νˆ
c
i are introduced in the B-LSSM
WB−L =WMSSM − µ′ηˆ1ηˆ2 + Yx,ijνˆci ηˆ1νˆcj + Yν,ijLˆiHˆ2νˆcj , (9)
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where i, j are generation indices, while Yx,ij and Yν,ij are the Yukawa couplings in the B-
LSSM superpotential. The soft breaking terms presented in the B-LSSM are written as
LB−Lsoft = LMSSMsoft −m2η˜1 |η˜1|2 −m2η˜2 |η˜2|2 −m2ν˜,ij(ν˜ci )∗ν˜cj +
[
−MBB′ λ˜B′λ˜B
−1
2
MB′ λ˜B′ λ˜B′ −Bµ′ η˜1η˜2 + T ijν H2ν˜ci L˜j + T ijx η˜1ν˜ci ν˜cj + h.c.
]
, (10)
where m2η˜1 , m
2
η˜2
, m2ν˜,ij... are the concrete soft masses. In the B-LSSM, there are also other
parameters MBB′ ,MB′ , Bµ′ , T
ij
ν , T
ij
x ... and tanβ, tanβ
′.... To facilitate numerical discussion,
we adopt the following assumption:
m
q˜,ii
= m
u˜,ii
= m
d˜,ii
= m
L˜,ii
= m
e˜,ii
= m
ν˜,ii
≡MB−L0 ,
Te,ii = Tx,ii = Tν,ii = Tu,ii = Td,ii ≡ AB−L0 ,M1 = M2 ≡ mB−L12 . (11)
In the B-LSSM, we mainly consider the effects from parameters MB−L0 , A
B−L
0 , m
B−L
12 , g
B−L
B ,
gB−LY B , µ
B−L and tanβB−L for our numerical calculation.
IV. THE HIGGS DECAYS AND (g − 2)µ IN THE BLMSSM AND B-LSSM
In the EMSSM, we consider the radiative corrections from exotic fermions and corre-
sponding supersymmetric partners to obtain the physical Higgs mass. The corrections to
Higgs masses in the BLMSSM were discussed specifically in Ref.[47], while the ones in the B-
LSSM were introduced concretely in Refs.[37, 49]. The corresponding parameter constraints
in the BLMSSM and B-LSSM are considered respectively in this paper. Then the Higgs
decays and (g − 2)µ will be taken over explicitly as follows.
A. the Higgs decays
The LHC produces the Higgs chiefly from the gluon fusion. Meanwhile, the leading
order(LO) contributions for h0 → gg originate from the one-loop diagrams, which can be
modified through virtual top quark in the SM. In the EMSSM, the LO contributions need
to be added by the Higgs-new particle couplings, whose effects are significant. So the decay
7
width of h0 → gg can be shown as[47, 50–53]
ΓNP (h
0 → gg) = GFα
2
sm
3
h0
64
√
2pi3
∣∣∣
∑
q
gh0qqA1/2(xq) +
∑
q˜
gh0q˜q˜
m2Z
m2q˜
A0(xq˜)
∣∣∣2 , (12)
with xa = m
2
h0/(4m
2
a). q and q˜ denote the concrete quarks and squarks in the EMSSM.
The LO contributions for decay h0 → γγ also originate from one-loop diagrams. In the
SM, the concrete contributions are mainly derived from top quark and charged gauge boson
W±. Due to the Higgs-new particle couplings in the EMSSM, the decay width of h0 → γγ
can be expressed as[47, 50–55]
ΓNP (h
0 → γγ) = GFα
2m3h0
128
√
2pi3
∣∣∣
∑
f
NcQ
2
fgh0ffA1/2(xf ) +
∑
f˜
NcQ
2
fgh0f˜ f˜
m2Z
m2
f˜
A0(xf˜ )
+gh0H+H−
m2Z
m2H±
A0(xH±) + gh0WWA1(xW) +
2∑
i=1
gh0χ+
i
χ−
i
mW
mχi
A1/2(xχi)
∣∣∣2 . (13)
The decay width for h0 → ZZ,WW are given by[56, 57]
Γ(h0 →WW ) = 3e
4mh0
512pi3s4W
|gh0WW |2F (mW
mh0
),
Γ(h0 → ZZ) = e
4mh0
2048pi3s4W c
4
W
|gh0ZZ |2
(
7− 40
3
s2W +
160
9
s4W
)
F (
mZ
m
h0
). (14)
With the Born approximation, the decay width of the physical Higgs into fermion pairs
h0 → f f¯ is written as[58]
Γ(h0 → f f¯) = Nc
GFm
2
fmh0
4
√
2pi
|gh0ff |2(1−
4m2f
m2h0
)3/2, (15)
where the form factors A1/2(x), A0(x), A1(x) and F (x) are summarized in the appendix A.
In the BLMSSM, the concrete expressions for gh0qq, gh0q˜q˜, gh0ff , gh0H+H− , gh0χ+
i
χ−
i
, gh0f˜ f˜ ,
gh0WW and gh0ZZ have been discussed in Ref.[47]. The relevant expressions that present in
the B-LSSM are specifically discussed in the following appendix B.
The signal strengths for the Higgs decay channels are quantified by the following ratios[59]
µggFγγ,V V ∗ =
σNP (ggF )
σSM(ggF )
BRNP (h
0 → γγ, V V ∗)
BRSM(h0 → γγ, V V ∗) , (V = Z,W ),
µV BFff¯ =
σNP (V BF )
σSM(V BF )
BRNP (h
0 → f f¯)
BRSM(h0 → f f¯) , (f = b, τ), (16)
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where ggF and VBF stand for gluon-gluon fusion and vector boson fusion respectively.
Meanwhile, µγγ,V V ∗ are mainly affected by gluon-gluon fusion while µff¯ is more likely to
be influenced by vector boson fusion. The Higgs production cross sections can be further
simplified as σNP (ggF )
σSM (ggF )
≈ ΓNP (h0→gg)
ΓSM (h0→gg)
, σNP (V BF )
σSM (V BF )
≈ ΓNP (h0→V V ∗)
ΓSM (h0→V V ∗)
. Therefore, the ratios of the
signal strengths from the Higgs decay channels are reduced as
µggFγγ ≈
ΓNP (h
0 → gg)
ΓSM(h0 → gg)
ΓNP (h
0 → γγ)/Γh0NP
ΓSM(h0 → γγ)/Γh0SM
=
Γh
0
SM
Γh
0
NP
ΓNP (h
0 → gg)
ΓSM(h0 → gg)
ΓNP (h
0→γγ)
ΓSM(h0→γγ) ,
µggFV V ∗≈
ΓNP (h
0→gg)
ΓSM(h0→gg)
ΓNP (h
0→V V ∗)/Γh0NP
ΓSM(h0→V V ∗)/Γh0SM
=
Γh
0
SM
Γh
0
NP
ΓNP (h
0→gg)
ΓSM(h0→gg)|gh0V V |
2, (V =Z,W ),
µV BFff¯ ≈
ΓNP (h
0 → V V ∗)
ΓSM(h0 → V V ∗)
ΓNP (h
0 → f f¯)/Γh0NP
ΓSM(h0 → f f¯)/Γh0SM
=
Γh
0
SM
Γh
0
NP
|gh0V V |2|gh0ff |2, (f = b, τ), (17)
here, Γh
0
NP=
∑
f ΓNP(h
0→f f¯)+∑VΓNP (h0→V V ∗)+ΓNP (h0→gg)+ΓNP (h0→γγ) represents
the NP total decay width of physical Higg, ΓNP (h
0→V V ∗)
ΓSM (h0→V V ∗)
= |gh0V V |2 and ΓNP (h
0→ff¯)
ΓSM (h0→ff¯)
= |gh0ff |2.
B. (g − 2)µ
The effective Lagrangian for the muon MDM can be actually summarized as follows
LMDM = e
4mµ
aµ l¯µσ
αβlµ Fαβ , (18)
where σαβ = i[γα, γβ]/2, Fαβ is the electromagnetic field strength. Other than this, lµ denotes
the muon fermion, mµ represents the corresponding muon mass and aµ is the muon MDM.
Generally, we obtain the muon MDM through the effective Lagrangian method[18, 60, 61]
aµ =
4Qfm
2
µ
(4pi)2
ℜ(C+2 + C−∗2 + C+6 ). (19)
where Qf = −1, C±2,6 represent the Wilson coefficients of the corresponding operators O∓2,6
O∓2 =
eQf
(4pi)2
(iDµlµ)γµF · σω∓lµ, O∓6 =
eQfmµ
(4pi)2
l¯µF · σω∓lµ, (20)
with Dµ = ∂µ + ieAµ and ω∓ = (1∓γ5)2 . The EMSSM contributions to muon MDM originate
from the one-loop triangle diagrams, which are shown in FIG.1. So the one-loop corrections
to muon MDM can be expressed as
9
γ(q) γ(q)
S S
F
F F
S
lj(p) lj(p)li(p+ q) li(p+ q)
(a) (b)
FIG. 1: The one-loop diagrams affect (g − 2)µ in the BLMSSM and B-LSSM.
∆aµ = aµ(a) + aµ(b). (21)
In the EMSSM, the muon MDM corresponding to FIG. 1(a) can be formulated as
aµ(a) = −
∑
F
∑
S
[
ℜ[(A1)I(A2)I∗]yS√yFymµ
∂2B(yF , yS)
∂y2S
+
1
3
(|(A1)I |2 + |(A2)I |2)ySymµ
∂B1(yF , yS)
∂yS
]
, (22)
where yi denote
m2
i
Λ2
. B(x, y), B1(x, y) are the one-loop functions and given out in appendix
A. Similarly, the muon MDM for FIG.1(b) is deduced as follows
aµ(b) =
∑
F
∑
S
[
− 2ℜ[(C1)I(C2)I∗]√yFymµ B1(yS, yF )
+
1
3
(|(C1)I |2 + |(C2)I |2)yFymµ
∂B1(yS, yF )
∂yF
]
. (23)
In the BLMSSM, the concrete expressions for (A1)I , (A2)I , (C1)I and (C2)I can be found
in Ref.[62]. The corresponding expressions that present in the B-LSSM will be specifically
discussed in the following appendix C.
V. χ2 ANALYSES FOR THE NUMERICAL RESULTS
In this paper, we will consider the χ2 analyses for the corresponding theoretical and
experimental data in both BLMSSM and B-LSSM. In general, the expression for χ2 can be
simplified with ξ data points as[63, 64]
χ2 =
∑
ξ
(
µthξ − µexpξ
δξ
)2, (24)
in which the theoretical values obtained for our model µthξ are confronted with the experi-
mental measurements µexpξ , δξ represent the errors which include both statistic and system.
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FIG. 2: The fitting results for BLMSSM with the χ2 analyses.
Actually, combining the experimental results from ATLAS, CMS, LHC and TEVA collab-
orations, we adopt the averages for Higgs decays from PDG[3], which are µexpγγ = 1.10
+0.10
−0.09[65–
68], µexpWW = 1.08
+0.18
−0.16[67, 68], µ
exp
ZZ = 1.19
+0.12
−0.11[67, 69, 70], µ
exp
bb¯
= 1.02±0.15[67, 68, 71, 72] and
µexpτ τ¯ = 1.11±0.17[67, 68, 73]. Furthermore, the muon MDM possesses 3.7σ deviation between
experimental data and theoretical prediction: ∆aµ = a
exp
µ −aSMµ = (274±73)×10−11[74, 75].
Considering the constraints µ <∼ 400
√
∆FT5%GeV, Mt˜ <∼ 1.2 sin β
√
∆FT5%TeV and
115GeV <∼ mh0 <∼ 135GeV, the numerical analyses will be further discussed as follows.
First of all, we analyze the numerical results in the BLMSSM. With ∆FT in the region of
40 ∼ 150, we propose the ∆FT versus χ2, µBL versus Mt˜, gBLLB versus tan βBL, MBL0 versus
ABL0 , µ
ggF
γγ versus µ
ggF
V V , µ
ggF
γγ versus µ
V BF
ff and ∆aµ versus m
BL
h0 in FIG.2. The black triangle
shows the best-fitted benchmark point with minimal (χBLmin)
2 = 2.34736. The green, blue, and
black regions are respectively 90%, 95%, and 99% confidence levels with χ2 < (χBLmin)
2+10.65,
(χBLmin)
2 + 12.59 and (χBLmin)
2 + 16.81. It is clear to see that gBLLB is changing from 0.1 to 0.9
while tan βBL is in the region 4 ∼ 40. Not only that, µggFγγ and µggFV V are both around 1.0 ∼ 1.3
and µV BFff is fixed in the range of 0.9 to 1.2, whose parameter spaces for χ
2 < (χBLmin)
2+10.65
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are obviously smaller than that for χ2 < (χBLmin)
2 + 12.59 and (χBLmin)
2 + 16.81. ∆aµ can be
limited to 1.0× 10−9 ∼ 3.0× 10−9 with the fine-tuning in the region 0.67%− 2.5%. So µggFγγ ,
µggFV V , µ
ggF
V V and ∆aµ which agree well with the concrete experimental results can naturally
be explained in the BLMSSM.
Other than this, the B-LSSM numerical analyses are also taken over. We present the
∆FT versus χ
2, µB−L versus Mt˜, g
B−L
B versus tan βB−L, M
B−L
0 versus A
B−L
0 , µ
ggF
γγ versus
12
µggFWW , µ
ggF
WW versus µ
ggF
ZZ , µ
WBF
ff versus µ
ZBF
ff , ∆aµ versus m
B−L
h0 and m
B−L
12 wersus g
B−L
Y B in
FIG.3 with ∆FT around 20 ∼ 150. The black triangle shows the best-fitted benchmark
point with minimal (χB−Lmin )
2 = 2.47754. The green, blue, and black regions are respectively
90%, 95%, and 99% confidence levels with χ2 < (χB−Lmin )
2 + 12.02, (χB−Lmin )
2 + 14.07 and
(χB−Lmin )
2+18.49. As fine-tuning fluctuates between 0.67% and 5%, we observe that 0.2TeV <
µB−L < 1.0TeV, 1.0TeV <∼ Mt˜ <∼ 3.2TeV, 10 <∼ tanβB−L <∼ 40 and −0.5 <∼ gB−LY B < 0
with 90% confidence level. Under the above assumptions, the µggFγγ , µ
ggF
WW and µ
ggF
ZZ can be
adjusted in the range of 1.0 to 1.2. The values of µWBFff and µ
ZBF
ff are approximately equal
and tend to 1.0. And ∆aµ can be well corrected in the range of 0.5× 10−9 to 5.0× 10−9 for
χ2 < (χB−Lmin )
2 + 12.02, Therefore, all of aforementioned results are in good agreement with
the corresponding experimental results.
VI. CONCLUSION
In this paper, we adopt the method of χ2 analyses in the BLMSSM and B-LSSM to
calculate the Higgs mass, Higgs decays and muon g − 2, which will be better than MSSM.
After scanning the parameter space, we point out some sensitive parameters in the BLMSSM
and B-LSSM. In the BLMSSM, gBLLB is changing from 0.1 to 0.9 while tanβBL is limited
in 4 ∼ 40 as the fine-tuning in the region 0.67% − 2.5%. As well as, we observe that
0.2TeV < µB−L < 1.0TeV, 10 <∼ tanβB−L <∼ 40 and −0.5 <∼ gB−LY B < 0 in the B-LSSM with
fine-tuning fluctuating between 0.67% and 5%. With the constraints µ <∼ 400
√
∆FT5% GeV,
Mt˜ <∼ 1.2 sin β
√
∆FT5% TeV and 115GeV <∼ mh0 <∼ 135GeV, we can obtain the reasonable
theoretical values for Higgs decays and muon g − 2 respectively in the BLMSSM and B-
LSSM, which are all in accordance with the experimental results. Other than this, the
best-fitted benchmark points in the BLMSSM and B-LSSM will be acquired at minimal
(χBLmin)
2 = 2.34736 and (χB−Lmin )
2 = 2.47754, respectively. Therefore, the BLMSSM and B-
LSSM are both more natural and realistic than MSSM.
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Appendix A: the form factors
The form factors are defined as
A1/2(x) = 2
[
x+ (x− 1)g(x)
]
/x2,
A0(x) = −(x− g(x))/x2 ,
A1(x) = −
[
2x2 + 3x+ 3(2x− 1)g(x)
]
/x2,
g(x) =


arcsin2
√
x, x ≤ 1
−1
4
[
ln
1+
√
1−1/x
1−
√
1−1/x
− ipi
]2
, x > 1 .
(A1)
F (x) = −(1 − x2)(47
2
x2 − 13
2
+
1
x2
)− 3(1− 6x2 + 4x4) lnx
+
3(1− 8x2 + 20x4)√
4x2 − 1 cos
−1
(3x2 − 1
2x3
)
(A2)
B(x, y) = 1
16pi2
(x ln x
y − x +
y ln y
x− y
)
, B1(x, y) = ( ∂
∂y
+
y
2
∂2
∂y2
)B(x, y). (A3)
Appendix B: The expressions for Higgs decays in the B-LSSM
The concrete expressions that present in the B-LSSM are specifically discussed in the
following(in this part i = 1):
1. CP-even Higgs-charge Higgs-charge Higgs contribution
gB−Lh0H±H± =
v
2mz2
[1
4
(
− 2gY BgB
(
− vη¯ZHi4 + vηZHi3
)(
Z+j1Z
+
k1 − Z+j2Z+k2
)
−ZHi1
(
Z+j2
(
−
(
− g22 + g21 + g2Y B
)
vdZ
+
k2 + g
2
2vuZ
+
k1
)
+Z+j1
((
g21 + g
2
Y B + g
2
2
)
vdZ
+
k1 + g
2
2vuZ
+
k2
))
+ZHi2
(
Z+j1
((
− g22 + g21 + g2Y B
)
vuZ
+
k1 − g22vdZ+k2
)
−Z+j2
((
g21 + g
2
Y B + g
2
2
)
vuZ
+
k2 + g
2
2vdZ
+
k1
)))]
; (B1)
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2. CP-even Higgs-slepton-slepton contribution
gB−L
h0L˜L˜
=
v
2mz2
[1
4
(
− 2
(√
2
3∑
b=1
ZE,∗jb
3∑
a=1
ZEk3+aTe,abZ
H
i1 +
√
2
3∑
b=1
3∑
a=1
ZE,∗j3+aT
∗
e,abZ
E
kbZ
H
i1
+2vd
3∑
c=1
ZE,∗j3+c
3∑
b=1
3∑
a=1
Y ∗e,caYe,baZ
E
k3+bZ
H
i1 + 2vd
3∑
c=1
3∑
b=1
ZE,∗jb
3∑
a=1
Y ∗e,acYe,abZ
E
kcZ
H
i1
−
√
2µ∗
3∑
b=1
ZE,∗jb
3∑
a=1
Ye,abZ
E
k3+aZ
H
i2 −
√
2µ
3∑
b=1
3∑
a=1
Y ∗e,abZ
E,∗
j3+aZ
E
kbZ
H
i2
)
+
3∑
a=1
ZE,∗j3+aZ
E
k3+a
((
2g21+gY B
(
2gY B+gB
))
vdZ
H
i1−
(
2g21+gY B
(
2gY B+gB
))
vuZ
H
i2
+2
(
2gY BgB+g
2
B
)(
−vη¯ZHi4+vηZHi3
))
+
3∑
a=1
ZE,∗ja Z
E
ka
(
−
(
−g22+gY BgB+g21+g2Y B
)
vdZ
H
i1
+
(
− g22 + gY BgB + g21 + g2Y B
)
vuZ
H
i2 − 2
(
gY BgB + g
2
B
)(
− vη¯ZHi4 + vηZHi3
)))]
; (B2)
3. CP-even Higgs-up squark-up squark contribution
gB−L
h0U˜ U˜
=
v
2mz2
[ 1
12
δβγ
(
6
(√
2µ∗
3∑
b=1
ZU,∗jb
3∑
a=1
Yu,abZ
U
k3+aZ
H
i1+
√
2µ
3∑
b=1
3∑
a=1
Y ∗u,abZ
U,∗
j3+aZ
U
kbZ
H
i1
−
(√
2
3∑
b=1
ZU,∗jb
3∑
a=1
ZUk3+aTu,ab +
√
2
3∑
b=1
3∑
a=1
ZU,∗j3+aT
∗
u,abZ
U
kb
+2vu
( 3∑
c=1
ZU,∗j3+c
3∑
b=1
3∑
a=1
Y ∗u,caYu,baZ
U
k3+b +
3∑
c=1
3∑
b=1
ZU,∗jb
3∑
a=1
Y ∗u,acYu,abZ
U
kc
))
ZHi2
)
+
3∑
a=1
ZU,∗j3+aZ
U
k3+a
(
−
(
4g21+gY B
(
4gY B+gB
))
vdZ
H
i1+
(
4g21+gY B
(
4gY B+gB
))
vuZ
H
i2
−2
(
4gY BgB+g
2
B
)(
−vη¯ZHi4+vηZHi3
))
+
3∑
a=1
ZU,∗ja Z
U
ka
((
−3g22+gY BgB+g21+g2Y B
)
vdZ
H
i1
−
(
− 3g22 + gY BgB + g21 + g2Y B
)
vuZ
H
i2 + 2
(
gY BgB + g
2
B
)(
− vη¯ZHi4 + vηZHi3
)))]
; (B3)
4. CP-even Higgs-down squark-down squark contribution
gB−L
h0D˜D˜
=
v
2mz2
[ 1
12
δβγ
(
−6
(√
2
3∑
b=1
ZD,∗jb
3∑
a=1
ZDk3+aTd,abZ
H
i1+
√
2
3∑
b=1
3∑
a=1
ZD,∗j3+aT
∗
d,abZ
D
kbZ
H
i1
+2vd
3∑
c=1
ZD,∗j3+c
3∑
b=1
3∑
a=1
Y ∗d,caYd,baZ
D
k3+bZ
H
i1 + 2vd
3∑
c=1
3∑
b=1
ZD,∗jb
3∑
a=1
Y ∗d,acYd,abZ
D
kcZ
H
i1
−
√
2µ∗
3∑
b=1
ZD,∗jb
3∑
a=1
Yd,abZ
D
k3+aZ
H
i2 −
√
2µ
3∑
b=1
3∑
a=1
Y ∗d,abZ
D,∗
j3+aZ
D
kbZ
H
i2
)
+
3∑
a=1
ZD,∗j3+aZ
D
k3+a
((
2g21+gY B
(
2gY B−gB
))
vdZ
H
i1+
(
−2g21+gY B
(
−2gY B+gB
))
vuZ
H
i2
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+2
(
2gY BgB−g2B
)(
−vη¯ZHi4+vηZHi3
))
+
3∑
a=1
ZD,∗ja Z
D
ka
((
3g22+gY BgB+g
2
1+g
2
Y B
)
vdZ
H
i1
−
(
3g22 + gY BgB + g
2
1 + g
2
Y B
)
vuZ
H
i2 + 2
(
gY BgB + g
2
B
)(
− vη¯ZHi4 + vηZHi3
)))]
; (B4)
5. CP-even Higgs-W boson-W boson contribution
gB−Lh0WW =
(
cos βZHi1 + sin βZ
H
i2
)
; (B5)
6. CP-even Higgs-Z boson-Z boson contribution
gB−Lh0ZZ =
v
2mz2
[1
2
(
vd
(
g1 cosΘ
′
W sinΘW + g2 cosΘW cosΘ
′
W−gY B sinΘ′W
)2
ZHi1
+vu
(
g1 cosΘ
′
W sin ΘW+g2 cosΘW cosΘ
′
W−gY B sinΘ′W
)2
ZHi2
+4
(
− gB sin Θ′W
)2(
vη¯Z
H
i4 + vηZ
H
i3
))(
gσµ
)]
; (B6)
7. CP-even Higgs-chargino-chargino contribution
gB−Lh0χ±χ± = −
v
mχ±
[
− 1√
2
g2
(
Uk1Vj2Z
H
i2 + Uk2Vj1Z
H
i1
)
]; (B7)
8. CP-even Higgs-down quark-down quark contribution
gB−Lh0dd = −
v
md
[
− 1√
2
δαβ
3∑
b=1
3∑
a=1
Y ∗d,abU
d
R,jaU
d
L,kbZ
H
i1
]
; (B8)
9. CP-even Higgs-up quark-up quark contribution
gB−Lh0uu = −
v
mu
[
− 1√
2
δαβ
3∑
b=1
3∑
a=1
Y ∗u,abU
u
R,jaU
u
L,kbZ
H
i2
]
; (B9)
10. CP-even Higgs-lepton-lepton contribution
gB−Lh0ll = −
v
ml
[
− 1√
2
3∑
b=1
3∑
a=1
Y ∗e,abU
e
R,jaU
e
L,kbZ
H
i1
]
. (B10)
Appendix C: The expressions for muon (g − 2) in the B-LSSM
In the B-LSSM, the one loop corrections for (g − 2)µ are mainly affected by slepton-
neutralino, CP-odd sneutrino-chargino and CP-even sneutrino-chargino contributions. The
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concrete expressions for (A1)I , (A2)I , (C1)I and (C2)I that present in the B-LSSM can be
specifically discussed as
(AB−L1 )IL˜χ0=
1
2
[√
2g1N
∗
i1
3∑
a=1
Ue∗L,jaZ
E
ka+
√
2g2N
∗
i2
3∑
a=1
Ue∗L,jaZ
E
ka+
√
2gY BN
∗
i5
3∑
a=1
Ue∗L,jaZ
E
ka
+
√
2gBN
∗
i5
3∑
a=1
Ue∗L,jaZ
E
ka−2N∗i3
3∑
b=1
Ue∗L,jb
3∑
a=1
Ye,abZ
E
k,3+a
]
;
(AB−L2 )IL˜χ0=−
1√
2
[ 3∑
a=1
ZEk,3+aU
e
R,ja(2g1Ni1+(2gY B+gB)Ni5)+
3∑
b=1
3∑
a=1
Y ∗e,abU
e
R,jaZ
E
kbNi3
]
; (C1)
(CB−L1 )Iχ−ν˜i =
i√
2
U∗j2
3∑
b=1
Z i,∗kb
3∑
a=1
Ue,∗R,iaYe,ab;
(CB−L2 )Iχ−ν˜i = −
i√
2
[
g2
3∑
a=1
Z i,∗kaU
e
L,iaVj1 −
3∑
b=1
3∑
a=1
Y ∗ν,abZ
i,∗
k,3+aU
e
L,ibVj2
]
; (C2)
(CB−L1 )Iχ−ν˜R =
1√
2
U∗j2
3∑
b=1
ZR,∗kb
3∑
a=1
Ue,∗R,iaYe,ab;
(CB−L2 )Iχ−ν˜R =
1√
2
[
− g2
3∑
a=1
ZR,∗ka U
e
L,iaVj1 +
3∑
b=1
3∑
a=1
Y ∗ν,abZ
R,∗
k,3+aU
e
L,ibVj2
]
. (C3)
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